Abstract: In two prairie wetlands, mean available phosphate was six times greater at 0-15 cm in Ca-depleted recharge soil (57.3 mg kg −1 ) versus Ca-rich discharge soil (13.0 mg kg −1 ) highlighting the importance of wetland chemistry when characterizing P availability and nutrient loss potentials of prairie wetland soils.
Introduction
Addition of phosphorus (P) fertilizer is often required for optimal agricultural production because available soil P is too low. Over application of P in agricultural landscapes is considered a major nonpoint source of P loading to waterbodies, leading to decreased water quality through eutrophication. Many best management practices (BMPs) have been developed such as those that utilize the four Rs (right source, rate, place, and time), and others like conservation tillage, constructed wetlands, controlled drainage, and liming, but success of these BMPs is site specific (Kleinman et al. 2015) . While one practice may be successful in one region by significantly reducing P losses, it may have the opposite effect in another. For example, conservation tillage can reduce sediment-bound P losses but can increase P losses in a finer-textured soil due to greater macropore formation (Kleinman et al. 2015) . The relative risks and benefits associated with management practices need to be better understood. These risks and (or) benefits likely vary by factors controlling P availability such as climate, soil type, landscape position, hydrology or drainage, and soil chemistry (pH and mineralogy) (Dunne et al. 2010 and references therein) .
Prairie wetland management is a contentious issue; although critical storage zones of nutrients and water, prairie wetlands are increasingly drained for agricultural production. There are millions of wetlands across the prairies and they can differ considerably. Could wetlands be managed differently to minimize P losses? One consideration is chemistry. For example, P sorption often increases with greater presence of Fe and Al (dominant in acidic soils), Ca and Mg (dominant in calcareous soils), clay, and organic matter (Dunne et al. 2010) . Organic matter can also increase P availability by stimulating P mineralization, and humic acids can promote formation of more soluble calcium phosphates (Alvarez et al. 2004) .
Prairie wetlands are relatively isolated due to a semiarid climate and low hydraulic conductivity of glacial till that restricts deep groundwater interaction. However, there is a shallow weathered zone (typically <5 m deep) underneath wetlands. This zone has a higher hydraulic conductivity than underlying parent material (van der Kamp and Hayashi 2009) and allows for development of recognizably different discharge and recharge soils. These soils depend on the type of wetland. Prairie wetlands can be broadly divided into two categories: freshwater [electrical conductivity (EC) < 1000 μS cm −1 ] and brackish/saline (EC > 1000 μS cm −1 ) wetlands (Pennock et al. 2014) . The division between them is largely a function of topography and glacial deposits rich in soluble salts and carbonates (van der Kamp and Hayashi 2009). Pennock et al. (2014) describe the formation process of underlying wetland soils. Freshwater wetlands are typically made up of recharge soils in the center, with no soluble salts and carbonates, and discharge soils around the edge, which contain soluble salts and carbonates to the surface. Brackish/saline wetlands have a larger range and concentration of salts, and underlying discharge soils throughout (including center and edges).
The aim of this study was to investigate if there were considerable differences in phosphate availability in discharge versus recharge wetland soils, with the hypothesis that P availability would be less in discharge soils due to a larger range of salts, including calcium carbonates. Since P movement is strongly limited in calcareous soils due to reactions with Ca, a greater presence of Ca, associated with carbonates in discharge soils, could reduce P availability through formation of insoluble Ca-phosphates (Zhang et al. 2014 ).
Materials and Methods
Two representative wetlands: one freshwater (SD109) and one brackish/saline (SD50) (van der Kamp and Hayashi 2009) were selected from the St. Denis National Wildlife Area (SDNWA) (latitude: 52°12′, longitude: 106°5′) in the dark brown soil zone in central Saskatchewan. The SDNWA has a hummocky terrain with a loamy unsorted glacial till parent material (Pennock et al. 2014) . The brackish/saline wetland contains discharge soil throughout; the freshwater wetland has recharge soil in the middle surrounded by discharge soil (discharge ring) (Fig. 1) . From 1992 to 2001, prior to soil sampling, SD109 pond water had EC 200-500 μS cm −1 and SD50 pond water had EC 2000-8000 μS cm −1 (Pennock et al. 2014) . Mean pH of shallow pore water beneath SD109 in 1999 was 6.7, and 7.9 for SD50 in 2001 (G. van der Kamp, unpublished data). From 1968 to 2001, pond depths of SD109 and SD50 were 0-1.3 m and 0-2.0 m, respectively.
In a previous study (Pennock et al. 2014) , soil was collected along a transect to 90 cm depth, using a fixed volume sampler. Samples were air-dried, ground to 2 mm, and stored until analysis. While there are many factors that influence P availability such as Fe, Al, Ca, Mg, pH, organic matter, and water content, this preliminary study only investigated relationships among organic (OC) and inorganic carbons (IC), total recoverable P, and PO (Ashworth and Mrazek 1995) . Statistical analysis was completed using SAS version 9.4 (SAS Institute 2014). Data were normally distributed and Student's t tests were used to compare properties between recharge (n = 3) and discharge (n = 8) soils. Pooled method was used to compute the standard error of the difference of means as variances were equal for all properties. Pearson correlations were used to determine correlation relationships among total recoverable P, PO 4 −3 -P, IC, and OC.
Results and Discussion
As expected due to landscape position, total recoverable P and OC were greater in wetland depressions than upland soils. Total recoverable P was 581 ± 94 mg kg ) (mean ± SD). These values are within range of other SOC wetland measurements across the Canadian Prairies, supporting the general agreement that prairie wetlands are important storage zones of nutrients.
Total recoverable P was similar (P = 0.0825) between the two types of wetland soils. Available PO 4 −3 -P differed (P < 0.0001); total recoverable P at 0-15 cm was 551 ± 91 mg kg −1 for discharge and 661 ± 51 mg kg −1 for recharge soils, available PO 4 −3 -P was six times greater in recharge (57.3 ± 12.1 mg kg −1 ) than discharge (13.0 ± 8.7 mg kg −1 ) soils (mean ± SD). In the freshwater wetland (Fig. 1B) , available PO 4 −3 -P was greatest in the depression center where carbonates were not present and IC lowest. Lower available PO 4 −3 -P at points 2 and 6, at the depression edge, corresponds with the ring of discharge soils around the freshwater wetland. Overall, PO 4 −3 -P was greater in locations with no carbonates or low IC; notably, the discharge soil (7.1 ± 2.2 g kg
) had greater IC (P = 0.0004) at 0-15 cm (Fig. 1 ) than recharge soils, where IC was below the detection limit. These IC values correspond to carbonate content values of glacial tills, in the same area, from 5 to 30 g IC kg −1 (Pennock et al. 2014 ). There was a strong -P and inorganic carbon along a transect of a brackish/saline (A) and a freshwater wetland (B). Soil profiles are included for each point indicating horizon depth, and horizon designation according to the Canadian System of Soil Classification (Soil Classification Working Group 1998). Discharge soils are located at points 2-7 for the brackish/saline wetland (A) and at points 2 and 6 for the freshwater wetland (B). Uppercase letters in profile descriptions correspond to master horizons. The distance (m) between points is indicated.
negative correlation between IC and PO 4 −3 -P (r = −0.75, P = 0.0009). Presence of carbonates and IC indicates a greater presence of calcium that can lead to the formation of Ca-phosphates and reduce availability of PO 4 −3 -P (Zhang et al. 2014) . Although PO 4 −3 -P was generally lower in the brackish/ saline wetland, PO 4 −3 -P was greater at points 4 and 8 (Fig. 1A) , on either side of the depression. For point 8, carbonates do not start until 20 cm, suggesting IC may still be influencing variability of PO 4 −3 -P, but organic matter may be contributing to the increase in PO 4 −3 -P at points 8 and 4. Point 8 was located under trees and had a surface LFH layer. The OC (mass equivalent to 30 cm) was high at point 4 (211.1 Mg ha −1 ), compared with the average OC content of 149.0 Mg ha −1 within the wetland depressions. There was a strong positive correlation between OC and PO 4 −3 -P (r = 0.63, P = 0.0087). Humic acid can slow the rate of calcium precipitation (Alvarez et al. 2004 ) and addition of fresh organic P and other nutrients could be stimulating P mineralization.
In the brackish/saline wetland, PO 4 −3 -P decreased at 15-30 cm followed by an increase with depth for points 4 and 5, along the toe slope (Fig. 1A) . Higher PO 4 −3 -P at 60-90 cm for point 5 corresponds to a decrease in IC. However, these results may be confounded by land management. Farmers often till through and cultivate wetlands during drier years, resulting in translocation of soil from upland into the wetland depression, leading to thickening of the A horizon: the A horizons are thickest at these two points extending to a depth of 75 cm (Fig. 1A) . We speculate that P loading could vary between freshwater and brackish/saline wetlands, with freshwater wetlands having a greater likelihood of contributing phosphate to overlying water due to greater P availability. These differences may be largely due to the presence of calcium carbonates. The contribution of P to water may differ along a wetland transect; the freshwater wetland may release less PO 4 −3 -P from the discharge soil ring than the depression, while soil containing greater organic matter, as in the brackish/saline wetland along the edges, may release more PO 4 −3 -P than the depression. Management decisions such as tillage may affect P release. As observed in the brackish/saline wetland, tillage translocation may be responsible for burial of original A horizons resulting in greater P storage at depth.
Conclusion
Although total recoverable P was similar between recharge and discharge soils, P availability was different. This warrants further investigation with a larger sample size. Since availability of P depends on solubility of phosphate minerals, adsorbed P, and concentrations of different P fractions, identifying and quantifying multiple forms of P and measuring other factors that influence P (e.g., Fe, Al, Mg, Ca, pH, and OM) would be beneficial for a better understanding of P availability and nutrient loss potentials of calcareous prairie soils. This information would be valuable from both an agronomic and environmental standpoint; cultivated freshwater wetlands may be more productive for agriculture due to greater P availability, while brackish/saline wetlands may behave more like a P sink reducing potential losses of PO 4 −3 -P to water. Research exploring P forms could better inform BMPs that take into consideration P availability based on wetland soil type.
